When ascertaining the occurrence of disability, long assessment intervals may be problematic because they do not account for the possibility of recovery or for deaths or losses to follow-up. Our objective was to compare the rates of disability obtained from single follow-up assessments with those obtained from monthly assessments for intervals up to 24 months. DESIGN: Prospective cohort study. SETTING: General community. PARTICIPANTS: Seven hundred fifty-four nondisabled persons, aged 70 and older, categorized into three groups according to their risk for disability (low, intermediate, and high). MEASUREMENTS: Participants were followed with monthly telephone interviews to determine the occurrence of disability in one or more of four key activities of daily living (ADLs). RESULTS: For each risk group, the rates of disability obtained from monthly assessments of ADL function (cumulative disability) were considerably greater than those obtained from single follow-up assessments (prevalent disability). These differences in rates increased progressively as the length of the assessment interval increased. For example, the cumulative and prevalence rates of disability in participants in the intermediate risk group were 0.24 and 0.11 at 6 months, 0.36 and 0.20 at 12 months, 0.46 and 0.16 at 18 months, and 0.53 and 0.20 at 24 months, respectively. Although the overall rates were lower, the results for persistent disability, defined as a new disability that was present for at least 2 consecutive months, were similar. Although these differences in rates were attributable almost exclusively to recovery from disability in the first 6 months, they were due increasingly to deaths and losses to follow-up over the next 18 months, particularly in participants in the high-risk group. CONCLUSIONS: The occurrence of disability is substantially underestimated by longitudinal studies with long assessment intervals. More frequent assessments of functional status could lead to an improved understanding of the course and overall burden of disability in communityliving older persons.
F
or older persons, bathing, dressing, walking, and transferring are considered essential activities for maintaining independence in the community. Previous longitudinal studies have shown that about 10% of community-living persons aged 70 and older develop new disability in one or more of these activities of daily living (ADLs) each year. [1] [2] [3] Estimates of incidence are important, because they serve as the basis for etiological research on disability 4 and for calculations of active life expectancy, which are often used by policy-makers to forecast the functional health of older persons. 1, 5, 6 In most longitudinal studies, an incident case of disability is noted when a nondisabled person reports disability at a subsequent follow-up assessment. The duration of disability is usually not determined. Assessment intervals have traditionally been long, ranging from 6 months for the Women's Health and Aging Study 7 to 6 years for the Alameda County Study. 8 The length of most assessment intervals has been 1 to 2 years. 1, 3, [9] [10] [11] [12] [13] [14] [15] When ascertaining the occurrence of disability, long assessment intervals may be problematic for two reasons. First, functional status and disability are not static processes. Recovery rates as high as 25% have been documented 1 year after the onset of disability. 16 Second, because of their higher mortality and dropout rate, 2, 17 older persons who are newly disabled are less likely than those who are nondisabled to be included in subsequent assessments of functional status.
We postulated that longitudinal studies with long assessment intervals underestimate the occurrence of disability and that these underestimates increase as the length of the assessment interval increases. To determine the potential magnitude of this problem, we used data from an on-going longitudinal study of community-living older persons that includes monthly assessments of functional status. We compared the rates of disability obtained from single follow-up assessments (referred to hereafter as "prevalent" disability) with those obtained from monthly assessments (referred to hereafter as "cumulative" disability) for intervals up to 24 months.
METHODS

Study Population
The study population included the 754 participants of the Precipitating Events Project, a longitudinal study of nondisabled, community-living persons aged 70 and older. Participants were identified from a computerized list of 3,157 age-eligible members of a large health plan in New Haven, Connecticut. Members were potentially eligible if they were community living, English speaking, and nondisabled (required no personal assistance) in four key ADLs-bathing, dressing, walking, and transferring from a chair. Potential participants were excluded based on three criteria: diagnosis of a terminal illness with a life expectancy less than 12 months; plan to move out of the New Haven area during the next 12 months; and significant cognitive impairment (defined below) with no available proxy.
The cohort was assembled between March 1998 and October 1999. Eligibility was determined during a screening telephone interview and confirmed during an in-home assessment. Participants were enrolled in a 4:2:1 ratio for low, intermediate, and high risk for disability, using a model developed and validated in an earlier study. 18 Participants were classified as low risk if they took 10 seconds or less to complete the rapid gait test (walk back and forth over a 10-foot course as quickly as possible); as intermediate risk if they took more than 10 seconds to complete the rapid gait, scored 24 or more on the Folstein Mini-Mental State Examination (MMSE), 19 and were younger than 85; and as high risk if they took more than 10 seconds to complete the rapid gait and if they either scored less than 24 on the MMSE or were aged 85 and older. A complete description of our stratified sampling technique is provided elsewhere. 20 Only 4.6% of the 2,753 health plan members who were alive and could be contacted refused to complete the screening telephone interview, and 75.2% of the eligible members agreed to participate in the study. Persons who refused to participate did not differ significantly from those who were enrolled in terms of age or sex.
Baseline Data Collection
Trained research nurses completed the baseline assessments using standard instruments. In addition to cognitive status and gait speed, data were collected on demographic characteristics and 13 self-reported, physician-diagnosed chronic conditions: hypertension; myocardial infarction; congestive heart failure; stroke; diabetes mellitus; arthritis; hip fracture; fracture of wrist, arm, or spine since age 50; amputation of leg; chronic lung disease; cirrhosis or liver disease; cancer (other than minor skin cancers); and Parkinson's disease.
Follow-Up Data Collection
During monthly telephone interviews, participants were assessed for ADL disability using standard questions 1, 3, 5 identical to those used during the screening telephone interview. The stem of each question was, "At the present time, do you need help from another person to (complete the task)?" The specific wording for each of the four ADL tasks was, "to bathe (wash and dry your whole body)," "to walk around your home or apartment," "to dress (like putting on a shirt or shoes, buttoning and zipping)," and "to get in and out of a chair," respectively. Participants who needed help with (or were unable to complete) one or more of the ADL tasks were considered disabled. Participants were not asked about eating, toileting, or grooming. The incidence of disability in these three ADLs is low among nondisabled, community-living older persons. 3, 21 Furthermore, it is highly uncommon for disability to develop in these ADLs without concurrent disability in bathing, dressing, walking, or transferring. 3, 21, 22 Grooming has been omitted from several previous surveys of ADL disability. 22 Follow-up interviews were included through December 2000. Two participants died before their first followup interview, and another refused to complete any followup interviews. Sixteen others (2.1%) dropped out of the study after a median follow-up of 11 months and were considered lost to follow-up. Data were otherwise available for 99.2% of the 16,091 monthly telephone interviews.
For participants with significant cognitive impairment (n ϭ 9), defined either as recall of zero of three items on short-term memory testing or as score of less than 20 on the MMSE and recall of one or two of three items on the short-term memory test, the monthly telephone interviews were completed with a designated proxy. We defined a designated proxy as a person who was cognitively intact (recalled all three items on the short-term memory test and correctly named the year, the month, and their address 23 ) and who lived with the participant or visited the participant at least 3 days a week. 24 We chose to include short-term memory loss, regardless of MMSE score, as a criterion for significant cognitive impairment because the accuracy of the desired self-reported information is likely to be highly dependent on short-term memory. For the same reason, we chose to interview participants without a proxy if their short-term memory was intact, regardless of their MMSE score.
Deaths were ascertained by review of the local obituaries or from an informant during a subsequent telephone interview. The Yale University School of Medicine Institutional Review Board approved the research protocol.
Reliability and Accuracy
Among a subgroup of 17 participants who were interviewed twice on the same day by different interviewers, we found that the reliability of our ADL assessment was substantial, 25 with kappa ϭ 0.63 for disability in one or more of the four ADLs. To determine the accuracy of proxy reports for ADL disability in participants with significant cognitive impairment, we conducted a substudy of 20 participants who were cognitively intact and their designated proxies. 26 We interviewed the participants and their proxies separately over the phone each month for 6 months and compared their responses. Concordance was excellent, 25 with kappa ϭ 1.0 for ADL disability. Finally, we evaluated the accuracy of self-reported disability in participants with mild cognitive impairment (n ϭ 61), defined as a score of 20 to 23 on the MMSE and a score of one or two on the short-term memory test. We recruited a live-in proxy for 13 of these participants, interviewed the participants and their proxies separately over the phone each month for 6 months, and subsequently compared their responses. Concordance for this second substudy was also excellent, 25 with kappa ϭ 1.0 for ADL disability.
Statistical Analysis
We calculated the rates of prevalent and cumulative disability each month for up to 2 years. For the prevalence rates, participants were included in the numerator only if they had reported disability that month. For the cumulative rates, participants were included in the numerator if they had reported disability that month or any preceding month. The denominator for the prevalence rates included only participants who had a telephone interview that month, whereas the denominator for the cumulative rates included all active participants and those who had developed disability before being censored for reasons of death or loss to follow-up. Active participants who had not completed 2 years of follow-up by December 2000 were censored at that point and were not included in subsequent calculations of prevalence and cumulative rates. When calculating the cumulative rates, we considered participants who had not yet developed disability to be nondisabled during the small number of months (0.8%) in which the telephone interview had not been completed. Because the length of follow-up differed by risk group, we stratified the rates of disability by risk group. To determine the precision of our estimates, we calculated standard errors for the rates at 6, 12, 18, and 24 months.
Next, for each of the three risk groups, we calculated the difference between the cumulative and prevalence rates of disability for assessment intervals of 6, 12, 18, and 24 months and, subsequently, determined the proportion of these differences that were attributable to deaths or losses to follow-up rather than to recovery from disability.
To address the potential concern that disability for 1 month could represent measurement error rather than a real change in functional status, we repeated these analyses for "persistent" disability, defined as a new disability that was present for at least 2 consecutive months.
All analyses were performed using SAS (SAS Software System, Version 8.1, SAS Institute, Inc., Cary, NC)
RESULTS
The baseline characteristics of the 751 participants with at least 1 month of follow-up are shown in Table 1 . As expected, participants in the high-risk group were older and had lower MMSE scores than participants in the low-and intermediate-risk groups. Participants in the low-risk group had the highest education and were the least likely to be female and to live alone. Fifty-three (7.1%) participants died after a mean Ϯ standard deviation of 12.5 Ϯ 5.9 months. Although the mortality rate was greater for participants at high risk for disability than for those at low or intermediate risk (15.0% vs 5.8%; P Ͻ .001), the dropout rate did not differ by risk group. The mean length of follow-up for participants in the low-, intermediate-, and high-risk groups was 22.3 Ϯ 3.6, 20.5 Ϯ 4.3, and 19.6 Ϯ 5.1 months, respectively. Figure 1 shows the rates of prevalent and cumulative disability for participants in the low-, intermediate-, and high-risk groups over the 24 months of follow-up. As expected, participants in the low-risk group had the lowest rates of disability, and those in the high-risk group had the highest rates. For each risk group, the rate of cumulative disability increased substantially over time. By 24 months, for example, disability had developed in 19.6%, 52.7%, and 73.9% of participants in the low-, intermediate-, and high-risk groups, respectively. In contrast, the rate of prevalent disability was relatively constant over time for participants in the low-risk group and increased only modestly over time for participants in the intermediate-and high-risk groups. Although the overall rates were lower, the results for persistent disability, shown in Figure 2 , were similar.
For each of the three risk groups, the difference between the cumulative and prevalence rates increased progressively as the length of the assessment interval increased (Figure 3 ). Although these differences in rates were attributable almost exclusively to recovery from disability in the first 6 months, they were due increasingly to deaths and losses to follow-up over the next 18 months, particularly in participants in the high-risk group. Comparable results were found for persistent disability (not shown).
DISCUSSION
In this prospective cohort study, we found that the rates of disability obtained from monthly assessments of ADL function (cumulative disability) were considerably greater than those obtained from single follow-up assessments (prevalent disability), regardless of the underlying risk for disability. These differences in rates, which increased pro- gressively as the length of the assessment interval increased, support our supposition that the occurrence of disability in community-living older persons has been substantially underestimated by previous longitudinal studies. Because the cumulative rates of any outcome will increase over time, it is not surprising that the cumulative rates of disability were greater than the prevalence rates. What is important, though, is that the magnitude of these differences was large. In persons in the low-risk group, for example, the cumulative rates of disability were more than five times greater than the prevalence rates at 12, 18, and 24 months, the lengths of most assessment intervals in previous longitudinal studies of disability. 1, 3, [9] [10] [11] [12] [13] [14] [15] The primary source for these differences in rates, and hence for the apparent underestimation of disability, appears to be the high rate of recovery in newly disabled older persons. Although recovery rates as high as 30% have been reported in previous studies, 1,2,16,27 the effect of recovery on estimates for the incidence of disability has received relatively little attention. Our findings suggest that disability in older persons is a highly dynamic process that may be inadequately characterized by periodic surveys, particularly those with long assessment intervals, and, in turn, raise concerns about current estimates of active life Note that the scales of the y-axes differ to accommodate the large differences in rates across the three risk groups. expectancy, which assume stability in ADL function between periodic surveys spanning 12 to 24 months. 1, 5, 11 Because the factors that predict recovery from disability differ from those that predict the occurrence of disability, 4, [28] [29] [30] periodic surveys with long assessment intervals may also lead to imprecise estimates of risk in etiological studies of disability. Whether more frequent assessments of functional status provide useful prognostic information is not known but should be the focus of future research.
Based on our findings, disability for many older persons should be considered an acute reversible event, more similar to falls and delirium than to progressive disorders such as Alzheimer's disease. Accordingly, the term "cumulative" disability does not imply that the disability is permanent but rather is used in this report to distinguish disability that is ascertained from monthly follow-up assessments from "prevalent" disability that is ascertained from single follow-up assessments. Cumulative disability should also be distinguished from catastrophic and progressive disability. These terms have been used to characterize the time course of two types of severe disability, defined as the need for personal assistance in three or more ADLs. 30 As described by Ferrucci et al., 30 severe disability is considered "catastrophic" when it develops over less than a year, pos-sibly as a consequence of an acute medical event such as a stroke or hip fracture, and "progressive" when it develops over a longer period, possibly as a consequence of minor pathological events.
Although relatively uncommon in the first 6 months, underestimation of disability due to deaths and losses to follow-up increased markedly over time, particularly in older persons who were at high risk for disability. These underestimates occur because older persons who are newly disabled are more likely than those who are nondisabled to die or drop out of a study. 2, 17 Because the majority of older persons are disabled in the last year of life, 31, 32 periodic surveys with high mortality rates are particularly likely to underestimate the occurrence of disability.
Although our disability assessment had excellent reliability, it is possible that the high rates of cumulative disability were due in part to measurement error. To address this concern, we repeated our analyses for new disability that was present for at least 2 consecutive months and found comparable differences between the rates of cumulative and prevalent disability. Furthermore, the proportion of these differences that was attributable to recovery was similar for disability that lasted at least 2 consecutive months and for disability that lasted at least 1 month (data not shown). With few exceptions, 2,33 previous communitybased studies have not attempted to distinguish short-term disability from chronic disability, 34 and most estimates of disability have been based on periodic surveys that asked about the presence of disability at only a single point in time. 34 Although partial or complete recovery from disability has been well documented in previous hospitalbased studies, 35, 36 the actual time course of disability has generally not been well characterized. Given the high rate of recovery in newly disabled older persons, investigators may want to assess the duration of disability in future epidemiological studies.
We oversampled persons with intermediate and high risk for disability, but this should not affect the validity of our findings, because our intent was not to determine the population-based rate of disability. Furthermore, all comparisons of rates were stratified by risk group. Because our participants were members of a single health plan in a small urban area, our findings may not be generalizable to older persons in other settings. Generalizability, though, depends not only on the choice of a study population but also on the stability of the population over time. 37 One of the great strengths of our study is the high follow-up rate, with successful completion of nearly 98% of the monthly telephone interviews. The generalizability of our findings is also enhanced by our high participation rate, which was greater than 75%.
To our knowledge, few studies of community-living older persons have included more frequent assessments of functional status. In the Women's Health and Aging Study, 38 functional status was assessed weekly for 24 weeks in a small subgroup of 102 older women. The participation rate was 62.9%, and 86% of the weekly assessments were completed. 38, 39 For the individual ADL tasks, the consistency of self-reported function was high over a few weeks but decreased with increasing intervals, 38 supporting our use of monthly assessments.
In summary, our results suggest that longitudinal studies with long assessment intervals may substantially underestimate the occurrence of disability in communityliving older persons. Given the dynamic nature of disability, more frequent assessments of functional status could lead to more accurate estimates of active life expectancy, more precise estimates of risk in etiological studies of disability, and an improved understanding of the course and overall burden of disability in a burgeoning population of older persons.
ACKNOWLEDGMENTS
We thank Dr. Carlos F. Mendes de Leon and Dr. Mary E. Tinetti for their review of an earlier draft of this manuscript; Amy Byers for assistance with Figure 3 ; Denise Shepard, Bernice Hebert, Shirley Hannan, Andrea Benjamin, Martha Oravetz, Alice Kossack, Barabara Foster, Shari Lani, and Alice Van Wie for assistance with data collection; Wanda Carr, Dr. Evelyne Gahbauer, and Geraldine Hawthorne for assistance with data entry and management; Peter Charpentier for development of the participant tracking system; and Joanne McGloin for leadership and advice as the Project Director. Figure 3 . Difference between the cumulative and prevalence rates of disability by risk group and attribution for assessment intervals of 6, 12, 18, and 24 months. Within each bar is the proportion of the difference that was attributable to deaths and losses to follow-up.
